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Effect of velocity ratio on canbustion process gas-gas injector

DU Zheng-gang GAO Yu-shan JN Ping CAIGuo-biao

( School of A stronautics Beijing Univ  of A eronautics and A stronautics Beijing 100191, China)

Abstract In order to develop the gas-gas njector for full flw staged canbustion cycle enging hot fire tests were conduc-

ted on shear coaxial i jector that utilized gaseous oxygen and gaseous hydrogen as propellants Through m easuram ents of chan-

ber pressure and wall tanperature the effects of hydrogen to oxygen velocity ratio on canbustion efficiency aswell as the can-

bustor heat load were nvestigated The resulis show that the canbustion efficiency was affected by both the injecting velocity

ratio of hydrogen to oxygen and the absolite velocity of propellants The canbustor heat load mnereases w ith inereasing velocity

ratin. A low oxygen pressure dop and an appropriate velocity ratio are the preferable choice for shear coaxial gas-gas njector
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Fig 1 Schanatic of shear coaxial injector
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Table 1 Param eters of shear coaxial injector

InjectorNa Velocity ratio &, lp. dpy Ip.
1 3 a5 16
2 4 a5 a5
3 66 G5 18 9
4 9 65 39 1
5 10 2 a5 53 8
6 10 2 25 18 7
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Fig 2 Schenatic of canbustor assen blies
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Fig 3 Photographs of canbustor assan blies

AFITFHEST B P, 2 W& i/, fePRARA
H RS H4H .
3 | ABEHAE

AR ARSI AR IR AR Rk, E
Ik 1T 7 T M R g Sz BT VA S AL R A 4
B 42 = SmiE s 1) g 2 . Ak Tyl 4 mr
N, A A E AR e A, AR AT, Al
FULERR RS 2= N5 IR IR Ie, oAb % I 7l B 7, Bk
FEHE PR, WA W BB 4 s J5 K AEA
1], BABEARRGE %, A= K1 R I%; 2 sZJa ok
PR T, 20O J R AR T R B o a6 i
Y 7 22 AT 1 38 b 3, 3R A5 R38N e )~ 3348 .
R 2EIRTESFETE TO0T, S A g ik O %
JIte T HRe 2 Ik 77, S AW e PR A & e HE . A
AP IO N 11 g il 6 H IR B 6 ) R e B,
AR RS R E R A TP ET G S, XhH
BT EHATIRAI T

Table 2 Pressure of injector experinents

InjectorNa p.MPa o, Ipe Ay Ip
1 273 0 059 Q 031
2 292 Q 066 Q 061
3 2 88 Q 064 Q178
4 275 Q 063 Q 353
5 2 68 Q 061 0 487
6 293 Q 021 a 172
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Fig 4 Pressure curves of No 3 injector experinent
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Fig 5 Effects of velocity ratio

on characteristic efficiency
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Table3 C efficiency of Na 5 ijector

Experin ent M ass flow rate Characteristic
p. MPa
Na (gls) efficiency Mo
1 2 68 224 4 88 6
2 272 225 0 89 3
3 2 67 226 1 87 8

Table4 C efficiency of Na 6 injector

Experin ent M ass flow rate Characteristic
p. MPa
Na I gls) efficiency H
1 297 224 4 100 4
2 293 224 0 99 2
3 292 224 2 98 8
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Fig 6 W all tanperature of Na 2 injector experinents
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Fig 7 Predicted tenperature contours and
velocity vectors of Na 2 injector
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Fig 8 Effects of velocity ratio on wall tem perature

(T4 % 593M)



% 30% W S

R T J2= el B R v 7 i s L Il 9 2 1D 52 Wi 593

o7 B R B0/ IN AR R el P LA B MR SRR,
XA, A PR T 22 ek R A7 7R el WA e ot Al PN A
ROLFE Fr T A B 2 H AR —

4 &

(1) BT 2 R B3 B R A 05 A5 28008k 55 W 7 T R T
JZ53 B8 IR/ £ X 70 5 1 i R RN 9 L, L 24 B 2 4
B F0 57 R RIS, W /= b K B T J2 ek W P 23R
Ut

((2) W 3 T B T 2 ek R ko v A i B S ) ) 2 W)
BT R AR, i R AL BN i B A S EUEAN
A 2R P 2 JRE A

(3) R FH B 17 2 WO B 2 AR 96 A 2850 e K -l o
FHR S A5 2%, HLTEA3E A7 B B/ A < i it
Al DA 3 PR S R R

Sk

[ 1] Kerrebrock J 1 Reipen D P ZinmskyW § et al As

pirted canpressors| R]. ASME 97-GT-525

[ 2] Kerrebrock J 1 Drelam, MerchantA A, et al A fan ily
of designs for aspirted campressors| R]. ASWE 98-GT-
196

[ 31 Schuler Brian | Kerrebrock Jack . M erchant Ali Ex-

(L% 554M)

AN [ 38 2 BE PR it B2 A 28 28 A KA AN WY S8, 3 W 32 L
BRI 1 85 Y)J= N I HEZE 7R 5 IR AR e, A6 4t
FURETBCRIAE 27 BERE I, #R /=00 B T A% PR AR K, AR
foe & BE T b I A AR B T e A, SRR AR K
s AR TR B T G AT e A DR T 5k FEE B 3 i
JAJe 2 AT A K, AT = A B

5 4 i

St AU S O 2 750 A9 ) il BY DI i 45 O
kBt 7T, S5 REKW: R AMTESR B R IERCR 2 5
SAVSEE B2 L AR B 71 1) 4 o 3 B2 S, A 40
BT RLZAE /N I SR B 2 1 T, IR R IE A (K
PE, PASEHL s HORRBE RO 1 BE LEAR K, IR R & FA 3K
il AE K, AR T E R B

S5 3CHIK:

[ 1] FahangiS YuT, Rojasl, etal Gas-gas injector tech-

nologv for full flow cambustion cvele abplication | R 1.

[ 4]

[ 5]

[ 6]

[ 7]

[ 8]

[ 9]

[ 2]

[ 3]

[ 4]

[5]

[6]

[ 7]

permental mvestigation of an aspirated fan stage[ R .
ASME GT-2002-30370
M erchant Ali Kerrebrock Jack I, Adanczyk John ] et
al Expermental mvestigation of a high pressure ratio as-
pirated fan stage [ J|. Jounal of Turbanachinery, 2003
127( 1).
CarterC ] Guillbt SA, NgW FE Aewdynan ic perforn-
ance of a high-tuming can pressor stator w ith flow control
[R]. AA 2001-3973
M erchantA li A erodynam ic design and perfom ance of as-
pirated airfoils] R]. ASWE GT-2002-30369
REZM, B 37, BOEER, 5. B RN K A R
SOHLH IS B0 1 fE R e 0 BB S [ ). Al
&, 2005 20(4).
MReRSC, B IR, ERIar, 55 SRA S AN [F 9 5%
AN AL B PR RE [ ). HEZEEEAR. 2007 28
(2). (CHEN ShaoWen CHEN Fu WANG Ke-Lj et
al Aerodynam ic perfomance study of curved canpressor
cascades w ith different canber angles| J]. Journal of Pro-
pulsion Technology, 2007, 28(2).)
RN, RO, SEERE, 55 WP 3 AL
W B MRS EE K o B [ )], A Bh 1R, 2008 23
(3).

(%odh: % 2% )

ANA 99-2757.

FoustM, PalS Santoro R. Gaseous propellant rocket ss-
tudis using ranan spectroscopy| R]. AHMA 96-2766
Jones R A, GrootW. Oxygen tanperature and concentra-
tion measurements n H,-0,, rcket engmes[ R]. AHA
96-0439

FoustM ] DeshpandeM, PalS Experimental and ana-
lytical characterization of a shear coaxial canbusting GO, /
G, flw field[ R]. ANA 96-0646

Conley A, Vaidyanathan A, Segal C H eat flux m easure-
ments for a GO, /GH, single-element shear mjector| J].
Journal of Spacecraft and Rockets 2007, 44(3), 633~
639,

g Bt . o H AR UG R B HL (M ). bR BT
A Hi AL 2005

fZER D KW K s IAC TR BT [M ). R T
G P bRt AT RRCRE, 2004

(%% 4 BL)



